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Executive Summary
Cogeneration is a process of electrical power generation that simultaneously harnesses the
heat produced from that electrical generation and uses it to supply heat to a space. The Akron
Water Plant was identified as potentially benefitting from this technology for two main reasons.
First, they have a large and relatively constant electrical load. Second, they have ownership of
a significant amount of natural gas wells at the site.
This report analyzes the economic feasibility of installing a cogeneration plant at the Akron
Water Plant (AWP). Data was collected for the plant and its operations, including electricity
bills, gas bills, plant layout, current heating and cooling methods, natural gas well capacities,
and lease agreements. Based on this information, primarily the electrical consumption of the
plant, cogenerators manufactured by 2G Energy were selected as the basis of design for the
analysis.
A cogeneration plant sized for the electrical consumption of the plant leads to significantly
more waste heat than could be utilized to heat the AWP facilities. However, after studying the
operation of the system, it became apparent that the cogenerator requires more fuel than the
AWP wells have the capacity to produce. Nonetheless, the study was continued on the
assumption that the wells did have the required capacity in order to study the economic
feasibility of cogeneration systems in general. Price estimates were generated for each of the
four proposed cogeneration configurations, including all costs required to update the plant
from electric baseboard and gas heating to the hydronic heating provided by the cogenerator,
and a payback analysis was performed to better understand the feasibility of each option. The
results of this analysis are displayed in the table below.
Adjusted
Energy Costs

Cogeneration
Energy Costs

Yearly Energy
Savings

Initial
Investment

Payback
(Years)

Case 1  (1) 2.0 MW

$704,164.99

$255,245.36

$448,919.63

$4,450,523

10

Case 2  (1) 1.2 MW

$739,684.99

$346,043.67

$393,641.32

$3,758,978

10

Case 3  (2) 1.2 MW

$701,204.99

$255,245.36

$445,959.63

$6,092,942

14

Case 4  (1) 3.0 MW

$562,824.99

$120,068.04

$442,756.95

$7,043,816

16

In conclusion, a cogeneration system may not be feasible for AWP due to the limited
availability of natural gas; however, this study was useful in showing the feasibility of
cogeneration plants as a concept. Should a facility have a larger gas well available, or even
another fuel source capable of supplying the cogenerator, then cogeneration can provide
enormous energy savings and appears to be a viable system.
3

Abbreviations and Definitions
This report is a theoretical study of an operating facility, however, all companies and the data used
in the report are real and factual. The following list defines all abbreviations of the companies used
in the body of the report, as well as definitions of the energy units.
●

2G Energy  cogeneration system manufacturer

●

AWP (Akron Water Plant)  subject of study, oil & gas lessor

●

CHP (Combined Heat and Power Cogeneration System)  technology of study

●

Gonzoil  oil & gas lessee

●

ODNR (Ohio Division of Natural Resources)  resource for natural gas well information

●

OE (Ohio Edison)  utility company

●

BTU/hr  British Thermal Unit, English unit for thermal energy rate

●

MCF  thousands of cubic feet per year, English unit for rate of natural gas consumption,
1 MCF is approximately 1,000,000 BTU/year

●

kwh (kilowatt hour)  English/SI unit for electrical energy consumption

●

kW (kilowatt)  English/SI unit for electrical energy demand, 1 kW is approximately
3,412.14 BTU/hr
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1.

Definition of the Problem
1.1.

The Client
Akron Water Plant, located in Kent, Ohio, currently supplies at least 35 million
gallons per day (MGD) of treated potable water for the citizens of the City of Akron
and surrounding communities.1

1.2.

Available Natural Resources
The City of Akron owns the property, which contains various natural gas wells
surrounding Lake Rockwell. The following snapshot shows a portion of Lake
Rockwell with the locations of 14 wells, 12 of which are active and producing, one
is permitted but not yet active, and one is inactive and plugged.2

Figure 1: Lake Rockwell natural gas wells
AWP has leased the wells to Gonzoil since 2006. Cell A1 in Table 1 displays the
total capacity of the wells for the year 2014 (calculated using information provided
by ODNR). This number will decrease yearly at a rate dependent on the natural
gas consumption for that year. The lease allows AWP to receive a percentage of
oil produced by Gonzoil free of charge, as well as royalties for any new well drilled,
and a percentage of the gas purchased off premises.
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1.3.

Present Mechanical/Electrical Installation
AWP is a 106,000 sq. ft. campus comprised of 15 buildings, each used for a
different purpose. In addition to the electrical energy provided by Ohio Edison, the
main sources of mechanical energy for this campus are electric baseboard heaters
and natural gas fired unit heaters. Cell B1 in Table 1 displays the amount of natural
gas that AWP consumed from the wells for one year.

1.4.

Present Costs
AWP currently spends approximately $815,000 per year for electrical costs. It
spends approximately $45,000 per year on natural gas consumption (see Cell C1
in Table 1). AWP receives royalties from Gonzoil amounting to a maximum of
$100,000 per year (see Cell D1 in Table 1). Therefore, the total cost for the utility
plant, subtracting lease royalties from utility expenses, is approximately $760,000
for one year. This number fluctuates according to the amount of gas left in the
wells, and the costs of utilities. The cost analysis will be analyzed in further
sections.
Table 1: Natural Gas Usage for AWP and Gonzoil Wells
[A]
Wells’ Capacity
( MCF )

[B]
Natural Gas
Usage ( MCF )

[C]
Natural Gas
Payment

[D]
Royalties
Credit

71,623

9,408

$46,313.92

$99,439.44

[ 1 ] Year 2014

2.

Scope of Work
2.1.

Client Request
AWP would like to understand its available options for using the natural resource in
an economically beneficial way. This study will determine the convenience of
implementing a combined heat and power (CHP) system to reduce AWP’s reliance
on the electrical grid (OE), in addition to providing the entire campus with heat for
their HVAC systems. This system is projected to be fueled by the natural resource
captured from the inhouse wells. By providing a cost and payback analysis for
several possible options, a recommendation will be made for AWP’s consideration.

2.2.

Cogeneration Philosophy
Combined Heat and Power systems, also called cogeneration systems, were
created as a solution to harness the excess input heat wasted by the work output
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of the heat engine. The schematic in Figure 2 (below) presents one potential
concept of the present proposal.3
The CHP system begins with a heat engine (Section B) capable of generating
electricity. The engine is fueled using an energy source such as natural gas, diesel
fuel, biogas, steam, etc. This energy source (Section A) will vary depending on the
specific application of each CHP system. The electrical energy produced by the
generator (Section B) is distributed to the user’s electrical system (Section D) for
use in lighting, building appliances, industrial processes, etc. The unused electrical
energy may be sold back to the electrical company via an interconnection to the
power grid.
Simultaneous to this process, the electrical generator (Section B) captures the
waste heat produced by the electrical production process and distributes the
thermal energy to the end user (Section C). This thermal energy may be used for
heating, cooling, dehumidification, etc.
Some applications greatly benefit from a CHP system; it saves fuel costs by using
only one fuel source, it reduces pollution by harnessing the waste energy (heat)
from producing electricity, and it creates a reliable power supply.4

Figure 2: Simple cogeneration diagram (courtesy of National Renewable Energy Laboratory)
2.3.

Philosophy of this Study
The following options are considered for the future utility system proposed to AWP,
based on a 21 year cost analysis and amortization.
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2.3.1.

Option 1: Continuing Current Operation
The yearly natural gas lease royalties, yearly electricity use, and yearly
natural gas use are analyzed for 21 years using the current resource
prices.

2.3.2.

Options 2  5: Cogeneration System Installation
Continuation of the Gonzoil natural gas lease, installation of a heating water
system for the entire campus, installation of the cogeneration system, cost
of the modular cogeneration unit, operating and maintenance costs for 21
years, and electricity and heating water savings for 21 years are analyzed
and compared among four system sizes.

2.3.2.1.

Option 2, Case 1: 2,000 kW system to provide the base electrical
load to the AWP campus

2.3.2.2.

Option 3, Case 2: One 1,200 kW system to provide a portion of the
electrical load to the AWP campus

2.3.2.3.

Option 4, Case 3: Two 1,200 kW systems to provide redundancy
and excess electrical load to the AWP campus

2.3.2.4.

Option 5, Case 4: 3,000 kW system to provide the base electrical
load to the AWP campus and additional electricity to sell back to the
electrical grid

2.3.3.

Separation of Power from Heat
Analysis of an electrical generator powered by natural gas, separate from
thermal energy, was considered but is not included in this report. Further
analysis is needed to make a recommendation for this system.

3.

Cogeneration Application
Two modular cogeneration system suppliers were contacted to compare installation and
continuous maintenance costs for 21 years.
3.1.

Supplier A
2G Energy, located in St. Augustine, Florida, manufactures small to large scale
cogeneration systems.5

3.2.

Supplier B
Enerfab, located in Cincinnati, Ohio, manufactures small scale cogeneration
systems.6 Although it was contacted multiple times over the course of this study,
8

this company failed to provide any information for its CHP systems. Therefore, its
products could not be incorporated in this study.

4.

Comparative Study
For the purpose of this study, all electrical energy units are converted to kW, all thermal
energy units and fuel consumption rates are converted to BTU/hr, and all natural gas
volume units are converted to MCF. Natural gas heating costs are determined by an
average of $5.023 / MCF and electricity costs are determined by an average of $0.06035 /
kwh. The proposed cogeneration options include a plan to remove all electric baseboard
heating and install hydronic heating equipment (Appendix A1 and A2). In such a scenario,
the total yearly electrical consumption of the plant would be approximately 12,800,000 kwh
per year. An overview of the results of this study is displayed in Tables 7 and 8 (a detailed
analysis for each option is displayed in Appendix A).
Assumptions: The following assumptions apply to each 21 year cost analysis:
●
●
●
●
●

4.1.

The average yearly electrical and thermal demand will remain unchanged.
The electrical utility costs remain unchanged from the calculated averages.
The natural gas utility costs remain unchanged from the calculated
averages.
The well capacity decreases at a constant rate until the wells are dry.
The royalties collected by AWP decrease at the same capacity as the well,
beginning from the most recent value.

Option 1, Continuing Current Operation (Appendix A4)
General Comments: This option allows AWP to continue its current utility
installation. According to the OE utility summary, the company currently has an
approximate electrical load 2,100 kW, or approximately 13,500,000 kwh per year.
The current capacity of the natural gas well is 71,623 MCF.
Analysis: This information is based on past utility bills and heating load calculations.
Option 1 is used as the base model to compare the payback of Options 2  5 (the
proposed cogeneration utility systems).
Findings: The pertinent information for Option 1 are displayed below:
Table 2: Option 1  Energy Consumption and Cost

Electrical
Power ( kWh )

Thermal Power
( BTU/hr )

Natural Gas Capacity /
Consumption ( MCF )

Energy Costs
Per Year

Total Cost for
21 Years

12,800,000

1,373,296

71,623

$859,565

$18,050,865
9

4.2.

Option 2, Cogeneration Case 1 (Appendix A5  A6)
General Comments: This option analyzes the installation, maintenance and
performance of one 2,000kW cogeneration module operating at 75% of the total
load.
Analysis: In order to obtain these values, performance data of the 2G Energy
cogenerator was analyzed and a price estimate was prepared (Appendix A3). The
values calculated from this analysis were compared against Option 1.
Findings: Option 2, Cogeneration Case 1 is capable of providing 100% of the base
electrical demand and its thermal power greatly exceeds the heating water
demand of the AWP campus. However, its fuel consumption exceeds the total well
capacity. The pertinent information for this option is displayed in the table below:
Table 3: Option 2  Energy Consumption and Cost

Electrical
Power ( kWh )

Thermal Power
( BTU/hr )

Natural Gas Capacity /
Consumption ( MCF )

Maintenance
Costs Per Year

Total Cost for
21 Years

12,800,000

2,797,956

104,762

$255,245

$9,810,676

4.3.

Option 3, Cogeneration Case 2 (Appendix A7  A8)
General Comments: This option analyzes the installation, maintenance and
performance of one 1,200kW cogeneration module operating at 100%.
Analysis: In order to obtain these values, performance data of the 2G Energy
cogenerator was analyzed and a price estimate was prepared (Appendix A4). The
values calculated from this analysis were compared against Option 1.
Findings: Option 3, Cogeneration Case 2 is capable of providing about 80% of the
base electrical demand. AWP must still purchase electricity from Ohio Edison to
maintain its base electrical demand. The thermal power in Case 2 greatly exceeds
the heating water demand of the AWP campus, but its fuel consumption still
exceeds the total well capacity. The pertinent information for this option is
displayed in the Table 4.
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Table 4: Option 3  Energy Consumption and Cost
Electrical
Power ( kWh )

Thermal Power
( BTU/hr )

Natural Gas Capacity /
Consumption ( MCF )

Maintenance
Costs Per Year

Total Cost for
21 Years

10,500,000

4,080,920

81,085

$210,240

$11,025,895

4.4.

Option 4, Cogeneration Case 3 (Appendix A9  A10)
General Comments: This option analyzes the installation, maintenance and
performance of two 1,200kW cogeneration modules operating simultaneously,
each at 65% of the total load.
Analysis: In order to obtain these values, performance data of the 2G Energy
cogenerator was analyzed and a price estimate was prepared (Appendix A5). The
values calculated from this analysis were compared against Option 1.
Findings: Option 4, Cogeneration Case 3 is capable of providing 100% of the base
electrical demand and its thermal power greatly exceeds the heating water
demand of the AWP campus. However, its fuel consumption exceeds the total well
capacity. The pertinent information for this option is displayed in the table below:
Table 5: Option 4  Energy Consumption and Cost

Electrical
Power ( kWh )

Thermal Power
( BTU/hr )

Natural Gas Capacity /
Consumption ( MCF )

Maintenance
Costs Per Year

Total Cost for
21 Years

12,800,000

5,967,154

110,606

$255,245

$11,453,095

4.5.

Option 5, Cogeneration Case 4 (Appendix A11  A12)
General Comments: This option analyzes the installation, maintenance and
performance of one 3,000kW cogeneration module operating at 100%.
Analysis: In order to obtain these values, performance data of the 2G Energy
cogenerator was analyzed and a price estimate was prepared (Appendix A6). The
values calculated from this analysis were compared against Option 1.
Findings: Option 5, Cogeneration Case 4 is capable of providing more than 200%
of the base electrical demand. AWP can sell its excess electricity back to Ohio
Edison for an assumed price of $0.03 per kwh, approximately half of the current
price of electricity. The thermal power in Case 4 greatly exceeds the heating water
demand of the AWP campus, and its fuel consumption significantly exceeds the
total well capacity. The pertinent information for this option is displayed in Row 5 of
11

Tables 2 and 3 below. Tables 7 and 8 show the values of each option compared
against each other.
Table 6: Option 5  Energy Consumption and Cost
Electrical
Power ( kWh )

Thermal Power
( BTU/hr )

Natural Gas Capacity /
Consumption ( MCF )

Maintenance
Costs Per Year

Total Cost for
21 Years

26,000,000

8,663,423

200,470

$525,600

$9,565,245

4.6.

Payback Analysis
Tables 7 and 8 display the ability of each option to fulfill the requirements of the
plant and the overall 21year cost comparisons. Row 1 in Table 7 displays the
following values for cogeneration performance comparison, from left to right:
●
●

●

The approximate base electrical demand (determined from the Ohio Edison
utility bill)
The hot water heating load (determined from the heating load calculation in
Appendix A1, which converts the electric baseboard and natural gas
heating systems into a heating water system)
The total well capacity (a diminishing value determined from ODNR).

Table 7: Performance Specifications of Comparative CHP Systems
[A]
Operating
Load
(%)

[B]
Electrical
Power
( kWh )

[C]
Thermal
Power
( BTU/hr )

[D]
Natural Gas Capacity
/ Consumption
( MCF )

[E]
Total
Efficiency
(%)

[ 1 ] Option 1

n/a

12,800,000

1,373,296

71,623

n/a

[ 2 ] Option 2

75

12,800,000

2,797,956

104,762

86.4

[ 3 ] Option 3

100

10,500,000

4,080,920

81,085

86.6

[ 4 ] Option 4

65

12,800,000

5,967,154

110,606

86.8

[ 5 ] Option 5

100

26,000,000

8,663,423

200,470

86.0

While each of the 4 proposed cogeneration solutions (Options 2  5) is able to meet
the needs of the plant and would save at least $6.5 million over 21 years (see
Table 8 below), they involve a significant initial investment that cannot be
overlooked. For this reason, a payback analysis was run to determine the best
solution for this facility.
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Table 8: Twentyone Year Cost Comparison
[A]
Initial Cost

[B]
Maintenance
Costs Per Year

[C]
Energy Costs
Per Year

[D]
Total Cost for 21
Years

[ 1 ] Option 1

n/a

n/a

$859,565

$18,050,865

[ 2 ] Option 2

$4,450,523

$255,245

n/a

$9,810,676

[ 3 ] Option 3

$3,758,978

$210,240

$135,804

$11,025,895

[ 4 ] Option 4

$6,092,942

$255,245

n/a

$11,453,095

[ 5 ] Option 5

$7,043,816

$525,600

($405,531.94)

$9,565,245

As the study uncovered, each of the proposed configurations requires more natural
gas than the plant has available (Column D in Table 7). For this reason, the $18
million, 21year cost for the current case provides an unfair scale to weigh the
proposed options against. In order to compare the costs fairly, the original case
needs to be adjusted so that the well produces royalties at the same rate that the
proposed cogenerator consumes the natural gas. Table 9 displays these adjusted
energy costs per year for the original case (column A). For example, Field A1 is
calculated by taking Field C1 from Table 8 minus $155,400 in additional royalties
(Appendix A5), yielding $704,165 in energy costs per year. The energy costs per
year with cogeneration (column B), the energy savings per year (column C), and
the payback period (column E) for each proposed cogeneration case are also
presented in Table 9.
Table 9: Payback Analysis
[A]
Adjusted
Energy Costs

[B]
Cogeneration
Energy Costs

[C]
Yearly Energy
Savings

[D]
Initial
Investment

[E]
Payback

[ 1 ] Case 1

$704,164.99

$255,245.36

$448,919.63

$4,450,523

10 Years

[ 2 ] Case 2

$739,684.99

$346,043.67

$393,641.32

$3,758,978

10 Years

[ 3 ] Case 3

$701,204.99

$255,245.36

$445,959.63

$6,092,942

14 Years

[ 4 ] Case 4

$562,824.99

$120,068.04

$442,756.95

$7,043,816

16 Years
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5.

Conclusions
The natural gas wells owned by the City of Akron, and currently leased to Gonzoil, provide
a large load of natural gas per year. This number will diminish proportionately to the rate of
natural gas production each year until each well is dry. Many factors are nearly impossible
to calculate for the next 21 years: life span of the active wells, duration of the lease
between Gonzoil and AWP, price of natural gas, etc. Therefore, this study examines the
theoretical implication of natural gas as fuel for a cogeneration system, designed to make
AWP semi or fully independent of an outside utility system.
Based solely on the cost analysis, specifically Option 2 and Option 3 with a payback of 10
years each, cogeneration would economically benefit AWP in comparison to its current
system. However, the total volume of the natural gas wells is not capable of fueling even
the smallest cogeneration system for an extended amount of time, therefore we do not
recommend implementation of a cogeneration system at AWP.
Although impractical for AWP, a cogeneration system is an economically and
environmentally beneficial choice for a facility that requires a large amount of electrical and
thermal energy.

6.

Recommendations
This study provides a basic analysis of a natural gas fueled cogeneration system for a
facility in Akron, Ohio. It focused on one manufacturer of cogeneration equipment. Further
study is recommended using different fuel sources such as steam, fuel cells, or biomass
(animal waste, landfill gas, sewage gas, etc). Comparing a second or third manufacturer of
cogeneration systems may also provide a more thorough cost analysis.
Several additional paths of further study are recommended:
1. Independent power production using an electrical generator, separate from thermal
energy production, capable of providing the base electricity load to AWP may
prove to be an economical competitor to cogeneration for a facility with a sufficient
fuel supply.
2. Pairing solar cells with a smaller cogeneration system, sized for the heating load of
the campus rather than the electrical load, may prove to be practical for the AWP
campus. In this configuration, the AWP wells may have enough capacity to run the
cogeneration system and the solar cells may be able to provide the gap in electrical
consumption.
3. Compensation for the lack of gas well capacity of the discovered by this project
may be overcome by purchasing nearby gas wells from different Owners. This has
the potential to reverse the recommendation of this study if enough well gas was
available to run the cogeneration systems for an extended period of time.
14
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